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A  possible  cause  of  a  number  of  pyrotechnic  incidents  occurring  after  the 
mixing/granulating  operations  and  before  pack-out  is  the  ignition  of  a 
composition  from  electrostatic  buildup  and  discharge  from  an  operator's 
coveralls.  The  currently  used  coverall  materials  are  susceptible  to 
electrostatic  buildup,  and  thus  the  potential  for  an  ignition.  Other 
materials  are  available  which  reduce/eliminate  electrostatic  buildup  and  still 
provide  the  same  degree  of  protection.  In  addition  to  the  risk  of 
electrostatic  buildup,  some  materials  are  better  thermal  insulators  than 
others  and  would  provide  a  higher  level  of  protection  to  an  operator  should  a 
fire  result. 

This  program  was  designed  to  evaluate  both  the  currently  used  coverall 
materials  and  the  new  materials  being  developed  to  determine  which  materials 
provide  the  higher  levels  of  thermal  protection  and  at  the  same  time  are  least 
likely  to  develop  and  hold  a  static  charge.  This  report  summarizes  the  work 
performed  in  selecting  the  six  candidate  coverall  materials,  the  thermal  tests 
performed  by  Southwest  Research  Institute,  and  the  electrostatic  sensitivity 
tests  performed  by  Hazards  Research  Corp.,  for  SwRI.  Included  in  this  report 
are  conclusions  and  recommendations. 


COVERALL  MATERIAL  SELECTION 


The  materials  for  electrostatic  and  thermal  testing  were  selected  by 
AROC  based  on  their  usage  in  the  pyrotechnic  manufacturing  plants  and  on  their 
availability.  The  purpose  of  the  test  program  was  to  evaluate  the  materials 
being  used  in  the  field  and  also  any  materials  being  developed  for  use  in 
protective  clothing.  In  selecting  these  materials,  input  was  solicited  by  ARDC 
from  SwRI,  Hazards  Research  Corp.,  personnel,  and  from  Mr.  Harry  Winer  of  the 
Navy  Clothing  and  Textile  Research  Facility.  Initially,  a  list  of  eight 
materials  was  developed  as  shown  in  Table  1,  and  six  materials  were  selected 
from  the  eight.  These  materials  are  typical  of  what  is  currently  in  use  or 
are  being  developed  as  flame  retardant  fabrics.  The  material  weights  are  as 
currently  manufactured  and  this  program  did  not  take  into  consideration  the 
effect  of  fabric  weight  on  the  thermal  insulation  or  electrostatic  charge 
dissipation  properties.  The  electrostatic  discharge  tests  were  performed  on 
the  materials  in  two  conditions,  unlaundered  and  after  25  washings  and 
dryings. 


Table  1.  Candidate  Coverall  Materials 


Material  No. 

Material 

*1. 

Nomex®/S.S.  (99/1) 

*2. 

100&  Fire  Retardant  Woven  Cotton  8oz. 

3. 

1009S  Fire  Retardant  Knit  Cotton  8oz. 

*4. 

20/80  PBl/Nomex®  1,  4.9oz. 

*5. 

35/35/30  PBI/Kevlar®/Durvi 1®  7.5oz. 

*6. 

40/60  PBI/Kevlar®  4.5oz. 

7. 

20/80  PGI/PFR  Rayon  4.4oz. 

*8. 

20/80  P8I/PFR  Rayon  7. 2oz. 

Note:  *  Materials  Selected  For  Testing 
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THERMAL  TEST  PROGRAM 


Test  Procedure 

The  testing  of  the  six  coverall  materials  was  conducted  at  the  SwRI  test 
facility.  As  shown  in  Table  1,  the  six  materials  tested  were:  No.l, 
Nomex^/stainless  steel (99/1);  No. 2,  100%  fire  retardant  woven  cotton;  No. 4, 
PBI/Nomex1®  1  (20/80);  No. 5,  PBI/Kev lar'VDurvi  1*  (35/35/30);  No. 6,  PBI/Kevlar'0 
(40/60);  and  No. 8,  PBI/PFR  Rayon  (20/80).  Tests  were  performed  using  two 
types  of  material  layers,  single  and  double  (the  double  layer  was  tested  to 
simulate  pockets  and  overlaps  on  the  coveralls  where  two  layers  of  the 
material  would  be  present)  and  using  a  range  of  pyrotechnic  weights 
(20,40,80,160,320,  and  454  grams).  Two  different  pyrotechnic  materials  were 
used,  an  aluminum  base  starter  mix  and  a  magnesium  base  illuminating  mix 
(M206).  A  skin  simulant  thermocouple  manufactured  for  SwRI  by  Albany 
International  Research  in  Oedham,  Massachusetts,  and  two  thin  bare  wire 
thermocouples  were  used  to  measure  temperatures  for  each  material.  One  of  the 
thin  thermocouples  was  placed  directly  in  back  of  the  material  to  record  the 
gas  temperature  as  it  passed  through  the  material,  and  the  second  thin 
thermocouple  was  punched  through  the  weave  of  the  material  (see  figure  1)  to 
measure  the  flame  and  gas  temperature  on  the  surface  of  the  material.  The 
skin  simulant  was  mounted  flush  on  a  wooden  board  (see  figure  2)  and  measured 
the  temperature  rise  through  the  materials  covering  the  board.  The  six 
materials  (single  or  double  layers)  were  each  attached  to  wooden  boards  and 
mounted  symmetrically  around  the  simulated  mix  mu  Her  as  shown  in  ‘•'igure  3. 

The  pyrotechnic  was  placed  in  an  open  container  as  shown  in  figure  4  and  was 
located  18  in.  from  the  material  test  specimens.  The  pyrotechnic  was  ignted 
remotely  at  the  top  of  the  mix,  and  the  thermocouple  data  were  recorded  rt  \] 
time  on  analog  tape  and  then  played  back  and  analyzed.  Prior  to  each  test, 
each  material  was  visually  checked  for  burn  holes  or  degradation  and  replaced 
as  necessary. 

Test  Results 

Starter  Mix  Tests 

On  the  tests  performed  using  the  aluminum-based  starter  mix,  it  was 
observed  that  measurable  damage  to  the  materials  did  not  occur  until  the 
larger  pyrotechnic  weights  were  used.i.e.,  the  320  gram  tests  and  the  454  gram 
tests.  Figures  5  and  6  show  the  overall  view  of  the  single  layer  materials 
and  the  double  layer  materials  following  the  454  gram  test.  As  shown  in  these 
figures,  the  damage  consists  primarily  of  burn  holes  where  the  burning 
pyrotechnic  struck  the  material.  No  catastrophic  damage  such  as  complete 
combustion  or  melting  was  observed;  however,  it  should  be  noted  that  the 
maximum  quantity  of  pyrotechnic  used  was  relatively  small.  As  previously 
mentioned,  the  temperature  data  were  recorded  real  time  on  analog  tape  and 
preliminary  analyses  have  been  conducted.  Figure  7  presents  the  maximum 
temperature  rise  measured  by  the  skin  simulants  mounted  behind  each  of  the  six 
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test  materials  (  Mat ' 1  no's.  1,2, 4, 5, 6, 8)  as  a  function  of  pyrotechnic 
weight  for  the  single  layer  tests.  Figures  8  and  9  present  similar  data  for 
the  exposed  thermocouples  (the  ones  through  the  material  weave),  and  for  the 
covered  thermocouples  (the  ones  directly  behind  the  material).  Figure  10 
presents  the  maximum  temperature  rise  recorded  by  each  of  the  material  skin 
simulants  as  a  function  of  the  average  temperature  recorded  by  the 
corresponding  exposed  thermocouples.  Figures  7  and  10  can  be  used  to 
evaluate  the  various  coverall  materials  effectiveness  as  a  thermal 
insulator.  In  both  figures,  the  skin  simulant  behind  material  no,  2, (the  10C 0 
fire  retardant  cotton)  measured  lower  tempe  atures  than  did  any  of  the  other 
material  skin  simulants.  Conversely,  the  skin  simulant  behind  material  no.  6 
(the  PBI/Kevlar^0  40/60),  measured  the  higher  temperatures  of  all  skin 
simulants.  This  would  imply  that  the  100%  fire  retardant  cotton  is  the  best 
thermal  insulate.'  of  the  six  materials  tested  with  the  given  weights  of  the 
pyrotechnic  starter  mix. 

A  similar  test  program  and  subsequent  analyses  were  performed  using 
double  layers  of  the  candidate  coverall  materials.  Figures  11,  12,  and  13 
present  the  maximum  temperature  rise  for  the  skin  simulants,  the  exposed 
thermocouples,  and  the  covered  thermocouples,  respectively,  as  functions  of 
the  pyrotechnic  weight.  Figure  14  presents  the  maximum  skin  simulant 
temperatures  for  each  of  the  six  materials  as  a  function  of  the  average 
temperature  measured  by  the  corresponding  exposed  thermocouples.  As  shown  in 
figures  11  and  14,  the  skin  simulant  behind  material  no.  2  (the  100%  fire 
retardant  cotton)  measured  the  lowest  temperature  of  the  thermocouples. 
Similarly,  the  skin  simulant  behind  material  no.  6  measured  the  higher 
temperatures  of  the  thermocouples.  If  the  test  results  of  the  single  layer 
tests  are  compared  to  the  results  of  the  double  layer  tests,  one  will  see  that 
as  expected,  the  skin  simulants  behind  the  double  layers  saw  less  of 
temperature  rise  than  did  the  skin  simulants  behind  the  single  layers  of  the 
materials.  In  both  the  single  and  the  double  layer  tests,  the  100%  fire 
retardant  cotton  appeared  to  be  the  best  thermal  protector,  while  the 
PBI/Kevlar,,u  appeared  to  be  the  worst  thermal  protector. 

M206  Mix  Tests 

The  testing  of  the  six  coverall  materials  (both  the  single  layer  and  the 
double  layer)  using  the  dry  M206  mix  was  performed  using  the  same  test 
procedures  as  used  on  the  starter  mix  tests.  For  the  tests  involving  the 
single  material  layers.  Figure  lb  presents  a  curve  of  skin  simulant 
temperature  rise  versus  pyrotechnic  charge  weight  for  the  six  materials 
tested.  Figures  16  and  1/  present  the  exposed  and  the  covered  thermocouple 
responses  versus  charge  weight,  respectively.  Figure  18  presents  the  skin 
simulant  temperature  rise  as  a  function  of  the  average  exposed  thermocouple 
temperature.  As  can  be  seen  in  figure  15,  the  worst  materials  (those  that 
passed  the  largest  amount  of  heat)  <v  e  materials  2  and  4.  the  best  materials 
(those  exhibiting  the  lower  temperature  rise)  are  materials  8,  1,  5  and  6.  It 
should  be  noted  that  the  temperature  differences  between  materials  8,  1,  5  and 


6  are  not  that  large  and  actually  only  14  degrees  separate  these  four 
materials.  If  a  comparison  is  made  between  the  results  of  tne  single  layer 
tests  involving  the  starter  mix  and  the  tests  with  the  M206  mix  (see  Figure 
19)  one  will  see  that  in  the  starter  mix  tests,  material  no.  2  is  the  best  or 
lowest  temperature  material,  while  in  the  larger  quantity  M206  tests  (320  gram 
and  454  gram),  material  no.  2  is  the  worst  or  highest  temperature  material. 

One  possible  reason  for  this  change  in  performance  could  he  that  in  the  larger 
quantity  tests,  the  M206  fire  is  such  a  severe  fire  that  material  no.  2  breaks 
down  completely  and  loses  its  insulating  capacity.  If  one  looks  at  tne 
lower  quantity  tests  involving  the  M206,  one  will  see  that  the  material  no.  2 
exhibits  fairly  good  insulating  properties  not  unlike  any  of  the  other 
"better"  materials  and  it  is  only  at  the  higher  quantities  that  the  material 
breaks  down.  Inspections  af  the  materials  after  the  larger  quantity 
tests  using  the  M206  revealed  that  the  materials  suffered  severe  burns  and 
actual  physical  degradation  and  failure.  Figures  20  and  21  present  post-test 
conditions  for  the  six  materials  for  the  320  gram  test  and  for  the  454  gram 
test.  As  shown  in  these  photographs,  the  materials'  position  starting  from 
right  to  left  is  material  no.  1,  2,  4,  5,  6,  and  8;  and  as  can  be  seen,  all  of 
the  materials  have  been  substantially  damaged,  in  particular  material  no.  2. 
Figures  22  and  23  are  closeups  of  the  two  tests  with  emphasis  on  material  no. 2 
and,  as  can  be  seen,  material  no.  2  has  suffered  damaging  burns  and 
has  actually  split  down  the  center.  At  the  same  time,  material  no.'s  5  and  8, 
which  also  suffered  severe  burns,  exhibited  very  good  insulating  capabilities 
and  had  the  lower  skin  simulant  temperatures  in  both  sets  of  tests. 

The  tests  performed  using  the  M206  and  the  double  layers  of  materials 
have  also  been  evaluated  and  the  results  are  presented  in  Figures  24-27. 

Figure  24  presents  the  skin  simulant  temperature  rise  as  a  function  of  the 
pyrotechnic  charge  weight.,  while  figures  25  and  26  present  the  exposed  and  the 
covered  thermocouple  temperatures  also  as  a  function  of  charge  weight.  Figure 
27  shows  the  skin  simulant  temperature  rise  as  a  function  of  the  average 
exposed  thermocouple  temperature.  Once  again,  materials  2  and  4  exhibited  the 
larger  skin  simulant  temperature  rise,  but  as  can  be  seen  in  Figure  24,  these 
materials  do  not  exhibit  extraordinary  high  temperatures  until  the  320  gram 
and  the  454  gram  tests  which  was  the  same  phenomenon  seen  in  the  sinqle  layer 
tests.  Materials  l,  5,  6,  and  8  again  measured  the  lower  skin  simulant 
temperatures  indicative  of  their  insulating  capability.  Figures  28  and  29 
show  the  six  materials  following  the  320  gram  and  the  454  gram  tests,  and  as 
shown,  the  materials,  primarily  no.  2,  sustained  severe  burns  and  physical 
degradation. 


ELECTROSTATIC  DISCHARGE  TESTS 


A  number  of  electrostatic  charge  relaxation  tests  were  performed  on  the 
six  selected  coverall  materials  by  Hazards  Research  Corp.,  as  a  subcontractor 
to  Southwest  Research  Institute.  Details  of  the  test  setup,  the  test 
procedure,  and  the  test  results  are  provided  in  the  report  prepared  by  Hazards 
Research  Corp.,  which  is  included  in  this  report  as  Appendix  1.  However,  for 
completeness,  a  brief  description  of  this  phase  of  the  program  is  included  in 
the  following  paragraphs. 

The  test  procedure  used  was  standard  test  method  A STM  D-2679-73  and 
consisted  of  charging  a  sample  of  the  coverall  material  with  a  known  charge 
and  then  releasing  the  charged  sample  into  a  Faraday  Cage  and  measuring  the 
time  required  for  the  material  to  dissipate  50%  of  the  charge,  i.e.,  the 
charge  half-life.  Two  tests  were  performed  on  each  of  five  samples  of  each 
coverall  material  for  a  total  of  60  tests.  The  coverall  material  samples  were 
then  shipped  to  the  Navy  Clothing  and  Textile  Research  Facility  where  they 
were  laundered  25  times  simulating  normal  use.  The  laundered  materials  were 
then  retested  to  see  what  effect  laundering  might  have  on  the  ability  of  the 
materials  to  hold  a  charge. 

The  tests  conducted  on  the  materials  yielded  some  key  results  including 
the  following:  the  PBI/Keviar7Durvil'*  material  dissipates  the  static  charge 
faster  than  any  of  the  other  five  materials  both  in  the  unlaundered  and 
laundered  conditions,  and  the  laundering  of  the  materials  increased  the  charge 
relaxation  time  for  all  of  the  materials  and  the  magnitude  of  the  Increase 
varied  significantly  between  materials.  Details  on  these  and  other  test 
results  and  additional  conclusions  can  be  found  in  the  appendix. 
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CONCLUSIONS 


Based  on  the  thermal  tests  performed  on  the  six  candidate  coverall 
material  tests,  the  following  .onclusions  have  been  formulated: 

*  The  resultant  fire  from  ignition  of  0.15  kg  (1  lb)  of  starter  mix  is 
not  severe  enough  to  cause  any  physical  damage  to  the  coverall  materials.  The 
M206  fires  are  very  severe  fires  and  above  160  grams,  all  of  the  candidate 
coverall  materials  suffered  severe  damage. 

*  On  the  starter  mix  tests,  the  materials  exhibiting  the  best  thermal 
insulating  properties  are  the  following  (in  decreasing  order):  100%  fire 
retardant,  woven  cotton;  PBI/Kev lar'VDurvi  1  4  (35/35/30);  PBI/PFR  Rayon  (20/80); 
PBI/Kevlar"  (40/60);  Nomex^  S.S.;  and  PBI/Nomex9  (20/80). 

*  On  the  M206  tests,  the  materials  exhibiting  the  best  thermal 
insulating  properties  are  the  following  (in  decreasing  order):  PBI/PFR  Rayon 
(20/80);  Nomex'6  S.S.  (99/1);  PBI/KevlarVDurvi  1“J  (35/35/30);  PBI/Kevlar* 
(40/60);  PBI/Nomex'6  (<^0/80);  and  100%  Fire  Retardant  Cotton. 

*  Electrostatic  charge  relaxation  experiments  conducted  on  six  flame- 
retardant  fabrics  before  and  after  laundering  provided  a  means  of  rating  the 
materials  based  on  the  fastest  dissipation  of  the  induced  static  charge. 

Using  the  half-life  technique,  the  following  is  a  list  of  the  materials  in  the 
order  from  the  fastest  to  the  slowest  electrostatic  charge  dissipator  before 
and  after  laundering.  (Although  laundering  in  general  appeared  to  increase 
the  charge  dissipation,  the  magnitude  of  the  effect  differed  between  fabrics 
as  noted  on  the  material  ratings.) 


Before  Laundering  After  Laundering 


1. 

PBI/Kevlar0/Durvi V* 

PB I /Kevlar  "VDurvil 

2. 

PB I /Kevlar® 

PBI/Nomex0  I 

3. 

PBI/PFR  Rayon 

PBI/PFR  Rayon 

4. 

Nomex  9/SST 

PBl/Kevlar® 

5. 

Woven  Cotton 

Woven  Cotton 

6. 

PBI/Nomex6  I 

Nomex  7SST 
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RECOMMENDATIONS 


The  following  recommendations  have  been  developed  based  on  the  results 
and  observations  of  this  program. 

*  Since  the  PBI/Kevlar^/Durvi  Ts  is  one  of  the  better  thermal  insulators 
and  is  also  the  best  material  for  dissipating  static  electricity,  it  is 
recommended  that  this  material  be  used  for  protective  clothing. 

*  For  those  processes  where  the  operators  are  handling  M206  pyrotechnic 
quantities  of  320  grams  or  larger,  it  is  recommended  that  the  operators  not 
wear  coveralls  made  out  of  Nomex'VS.S.  or  100%  Fire  Retardant  Cotton  due  to 
the  observed  physical  decomposition  of  these  two  materials  under  high  heat 
loads. 


*  It  is  recommended  that  gloves  or  other  hand  protection  worn  by 
operators  be  evaluated  experimentally  using  the  more  severe  fire  environment 
produced  by  the  M206  to  determine  the  level  of  protection  given  the  operators 
hands.  It  was  observed  in  the  tests  performed  by  SwRI  that  some  materials 
will  shrink  and  crack  under  high  heat  loads  and  the  gloves  currently  being 
used  should  be  tested  to  insure  that  these  physical  breakdowns  do  not  occur. 

*  One  of  the  tests  involving  0.454  kg  of  M206  mix,  a  standard  plastic 
faceshield  used  in  grinding  operations,  was  placed  above  the  material  samples 
at  a  height  simulating  the  operator's  face.  The  subsequent  ignition  of  the 
M206  totally  destroyed  the  faceshield  and  would  have  provided  no  protection 
for  the  operator.  It  is  recommended  that  the  faceshields  used  in  the 
processing  of  the  M206  mix  be  evaluated  experimentally  against  typical 
quantities  of  M206  to  determine  what  level  of  protection  they  provide. 

*  Based  on  the  results  of  this  program,  it  is  recommended  tha 
operators  wear  loose-f ittinq  thermal  protective  clothing  instead  of  tight- 
fitting  clothing.  Loose  fitting  clothing  will  provide  an  air  space  between 
the  operator  and  the  clothing  itself  and  this  air  space  will  in  turn  serve  as 
an  insulator.  In  addition,  a  small  amount  of  material  shrinkage  will  not  have 
an  adverse  affect  on  the  operator. 

*  Since  it  was  demonstrated  that  the  double  layers  of  material  provide 
a  higher  level  of  thermal  protection,  it  is  recommended  that  operators  wear 
thermal  protective  clothing  made  up  of  multiple  layers  of  the  better  thermal 
insulating  materials. 
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Figure  1.  Thin  Wire  Thermocouples 
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Figure  7.  Skin  Simulant  Temperature  Rise 


Figure  8.  Exposed  Thermocouple  Temperature  Rise 


Figure  9,  Covered  Thermocouple  Temperature  Rise 
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Figure  10.  Skin  Simulant  Temperature  Rise 


Figure  11.  Skin  Simulant  Temperature  Rise 


Figure  14.  Skin  Simulant  Temperature  Rise 


Figure  15.  Skin  Simulant  Temperature  Rise 


Figure  16.  Exposed  Thermocouple  Temperature  Rise 


17  Pnvarul  Ther«a«>nim1  a  Ta«m»r-,t’iiro  P-loo 


Figure  22.  Single  Layer  Test-Close-Up  View  of 
Materials  1,  2,  and  3-320  grams 
(NOTE:  Material  No.  2  has  Split.) 


Figure  23.  Single  Layer  Test-Close-Up  View  of 
Materials  1,  2  and  3-454  grans 
(NOTE:  Material  No.  2  has  •■'it.) 
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Figure  24.  Skin  Simulant  Temperature  Rise 


Figure  25.  Exposed  Thermocouple  Xamerahirp.  Rig* 


APPENDIX 


ELECTROSTATIC  CHARGE  RELAXATION  CHARACTERISTICS 
OF  SIX  FLAME  RETARDANT  FABRICS 
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This  report  summarizes  the  results  of  a  series  of 
experiments  performed  by  Hazards  Research  Corporation, 
Rockaway ,  Now  Jersey,  for  Southwest  Research  Institute, 
of  San  Antonio,  Texas,  under  Purchase  Order  No.  61958. 
Contact  with  Southwest  Research  Institute  was  maintained 
through  Mr.  Luis  M.  Vargas. 

The  purpose  of  this  program  was  to  determine  the 
electrostatic  charge  relaxation  characteristics  of  six 
flame  retardant  fabrics  using  standard  test  method  ASTM 
D-2679-73.  The  "half-life"  of  induced  oLeetrical  charges 
on  the  fabrics  were  to  be  determined  before  and  after  the 
samples  were  laundered. 

A.  MATERIALS 


The  client  supplied  the  following  six  flame  retardant 
fabrics  for  evaluation  on  this  program: 


No .  _ _ _ _ Samp  Le _ _ _ 

1  Work  Lon,  Nomex/S  Lai  n  1<  •  ss  Stool  fiber 
(99/1) 

2  Woven  Cotton  (100) 

3  PBI/Nomex  I  (20/80) 

4  PBI/Keviar/Durvi I  (35/35/30) 

5  PBI /Kevlar  (40/60) 

6  PHI/PFIl  Rayon  (20/80) 


Dose  r  i  p  I.  i  on 
Li gh l.  yol  I ow 

Lark  biuo,  8  ox./sq. 

Blue,  4.9  ox./sq. yd. 

Tim,  7.5  ox./sq, yd. 

Go  Id,  4 . 5  ox . /sq . yd . 

Blue/ brown,  7,2  ox./ 
sq . yd . 
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B .  EQUIPMENT 

Hazards  Research  supplied  the  following  test  equipment: 

(1)  Electrometer,  Keithley  Instruments  Model  602 

(2)  Power  Supply,  Keithley  Instruments  Model  246 

(3)  Faraday  Cup 

(4)  Recorder,  Strip  Chart,  Hewlett  Packard  Model  7100B 

(5!  Hygrometer,  Precision  Model,  Serdex 

(6)  Fabric  sample  holders 

C.  DESCRIPTION  OF  EXPERIMENTS 

All  experiments  performed  during  this  program  were  con¬ 
ducted  in  accordance  with  the  requirements  of  ASTM  Standard 
Test  Method  for  Electrostatic  Charge,  D-2679-73  (Reapproved 
1978).  HRC  fabricated  the  experimental  apparatus  shown  in 
Figure  1.  The  apparatus  consisted  of  a  wooden  frame  that  con¬ 
tained  two  parallel,  six-inch  square,  stainless  steel  charging 
plat  es,  spaced  0.75  inches  apart.  The  plates  were  connected  to 
the  high-voltage  power  supply.  The  cloth  sample,  shown  in 
Figure  2,  was  suspended  by  two  wires  that  were  grounded  to  the 
electrometer . 

A  typical  experimental  trial  started  by  positioning  the 
sample  in  between  the  charging  plates  for  30  seconds.  Voltage 
levels  of  700  to  1000  were  used,  depending  on  the  fabric.  At 
the  end  of  10  seconds,  the  sample  was  released.  It  was  al¬ 
lowed  to  freefall  into  the  Faraday  Cup  (Figure  3)  a  distance 
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sufficient  to  be  below  the  entrance  plane  yet  not  touch 
any  surface  of  t  lie  cup.  Figure  A  shows  the  top  and  front 
views  of  the  cup.  The  Faraday  cup  was  connected  to  an 
electrometer  and  stripchart  recorder.  The  electrometer 
was  operated  in  the  coulomb  mode,  and  the  recorder  plotted 
the  rate  of  charge  decay,  coulombs  per  second. 

Relative  humidity  was  not  controlled  by  air-conditioning 
equipment;  however,  the  experiments  were  purposely  run  in 
January  and  March  when  the  relative  humidity  was  normally  Low. 
Environmental  temperatures  were  between  70°F  and  75°F  for  a  1 1 
experiments,  at  relative  humidity  ranges  of  30%  to  41%. 

Ambient  temperature  and  relative  humidity  were  measured  using 
the  thermometer  and  precision  hygrometer  shown  in  Figure  5. 

The  experimental  program  was  performed  in  two  phases. 
Phase  I  measured  the  rate  of  charge  decay  of  five  swatches  of 
each  of  the  six  fabrics  in  duplicate,  for  a  total  of  60 
experiments.  The  samples  were  sent  to  the  Navy  Clothing  and 
Textile  Research  Facility,  in  Natick,  Massachusetts,  where 
they  were  washed  and  dried  25  times  according  to  their  standar 
procedure.  Phase  II  repeated  the  GO  experiments  on  the 
laundered  samples  in  order  to  determine  the  effect  of  launder¬ 
ing  on  their  relative  rankings  as  charge  d i ss i pa  tors . 

D.  DESCRIPTION  OF  EXPERIMENTAL  METHODS 
1 .  E loctrical  Charge  Decay  Measu I'emen Is 

A  series  of  preliminary  experiments  with  the  charging 
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plates  revealed  that  a  cloth  sample  became  fully  charged 
after  30  seconds'  exposure  to  the  electrical  field.  The 
charge  started  to  decay  the  instant  the  fabric  left  the 
electrical  field.  This  rate  of  charge  decay  was  measured 
using  the  Faraday  cup  shown  in  Figure  4.  The  apparatus 
consisted  of  a  stainless  steel  cylinder,  open  at  the  top 
and  connected  to  an  electrometer.  The  entire  cylinder 
was  placed  within  a  slightly  larger  stainless  steel 
cylinder  that  was  separated  from  the  inside  cylinder  by 
Teflon  rods.  The  outer  container  was  grounded  in  order  to 
provide  a  Faraday  cage  effect  (shield  out  stray  fields). 

A  positively-charged  cloth  sample  entering  the  air 
space  of  the  inside  vessel  attracts  a  negative  charge  to 
the  inside  wall  of  the  vessel.  This  leaves  an  excess  of 
positive  charges  on  the  sensing  device  in  the  electrometer. 
As  the  charges  on  the  cloth  sample  dissipate  to  the  air  and 
through  the  ground  wire,  the  electrometer  registers  this 
loss.  The  rate  of  charge  decay,  coulombs  per  second,  is 
plotted  by  the  stripchart  recorder  that  is  connected  to  the 
output  terminal  of  the  electrometer. 

2.  Data  Reduction  Technique 

The  relaxation  time  is  the  totaL  time  required  for  a 
charged  cloth  sample  to  dissipate  by  leakage.  The 
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approach  used  on  this  program  was  to  use  the  "ha  LI- life" 
as  the  basis  for  comparison  of  results.  "Hall- life"  is 
the  time  for  the  initial  charge  on  the  fabric  to  fall  50'.’,''. 
Figure  6  is  a  typical  charge-vs . - time  trace,  with  the 
values  of  the  initial  charge,  507o  charge,  and  corresponding 
"half-life"  noted.  For  flat  plate  condensers,  the  "half- 
life"  is  given  by  the  following  equation: 

th  =  0.693  t  (Ref.  1) 

Where:  t  =  relaxation  time,  seconds 

E.  EXPERIMENTAL  RESULTS 

1.  Unlaundered  Cloth  Samples 

A  total  of  60  charge  relaxation  experiments  were  performei 
on  six  flame  retardant  fabrics.  Table  1  presents  the  results 
of  this  Phase  I  effort. 

2.  Laundered  Cloth  Samples 

Phase  II  results  are  presented  in  Table  2.  It  is  seen 
that  a  total  of  60  charge  relaxation  experiments  wore  performed 
on  the  laundered  cloth  samples. 

Table  3  presents  a  comparison  of  the  average  relative 
"half-life"  values  for  laundered  and  unlaundered  samples.  A 
summary  of  experimental  results  is  presented  in  Table  4. 


Ref.  1.  /■'.(/.  Eiohc'l s  "F.I t'ctrosLatics" ,  Chcmiiwl  Erujinct-vimj , 

t  kivoh  17,  1067 ,  pp.  1  !)o~  1 67. 
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F.  DISCUSSION  OF  RESULTS 

Data  analysis  was  simplified  by  calculating  a  relative 
"half-life"  for  each  series  of  12  letter-grouped  trials. 

Euch  "half-life"  value  was  determined  by  dividing  the  individual 
"half-life"  values  in  the  series  by  the  lowest  "half-life"  of 
the  series.  For  example,  in  Table  1,  the  first  1A  trial 
yielded  a  "haLf-life"  of  1.70  seconds.  The  first  4A  trial  had 
the  shortest  "half-life",  0.15  seconds,  of  the  series.  There¬ 
fore,  the  relative  "half-life"  of  the  first  1A  trial  is 
1.7/0.15  =  11.33.  The  average  relative  "half-life"  values  of 
each  A,  B,  C,  D  and  E  group  were  then  calculated  and  tabulated 
in  Table  3.  For  example,  sample  2A  had  "half-life"  values  of 
25.67  seconds  and  26.67  seconds,  respectively.  Their  average 
value  in  Table  3  is  26.17  seconds. 

Table  3  presents  a  comparison  of  the  average  relative 
"half-life"  values  for  the  unlaundered  and  laundered  fabrics. 

The  fabrics  are  rated  in  order  of  increasing  relaxation  time. 

If  is  seen  that  sample  number  4  (PBI /Kevlar/Durvil)  is  the 
fastest  electrostatic  charge  dissipator  both  before  and  after 
1  aunder i ng . 

Table  4  presents  a  summary  of  the  experimental  results. 

It  is  seen  that  laundering  did  not  affect  the  charge  relaxation 
ratings  of  the  woven  cotton,  PBI /Kev tar /Du rv i 1  and  PB1/PFR  Rayon 
samples.  Laundering  significantly  improved  the  PBl/Nomex  I 
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rating,  changing  it  from  sixth  place  to  second  place. 
Nomex/SST  went  from  fourth  to  sixth  place  as  a  result  of 
laundering,  while  PBI/Kevlar  dropped  from  second  to 
fourth  place. 

Laundering  appears  to  increase  the  rate  of  charge 
dissipation.  The  magnitude  of  the  effect  differs  between 
fabrics.  It  is  noted  that  prior  to  laundering,  there  were' 
greater  differences  between  the  average  relative  "half-life" 
values.  After  laundering,  these  differences  were  signifi¬ 
cantly  reduced.  A  possible  explanation  is  that  some 
residual  surface  active  agent  may  have  been  absorbed  on 
the  surface  of  the  fabric.  This  caused  the  fabrics  to 
become  more  conductive. 

G.  CONCLUSIONS 

As  a  result  of  120  electrostatic  charge  relaxation 
experiments  performed  on  six  flame  retardant  fabrics,  it 
is  possible  to  conclude  the  following: 

1.  The  PBI /Kev lar/Durvil  samples  dissipate  the  induced 
static  charges  faster  than  any  of  the  five  other 
fabrics  in  both  the  unlaundered  and  laundered  con¬ 
ditions.  "Half-Life"  charge  relaxation  times  won1 
<0.80  seconds.  Materials  that  re  Lax  charge  in  1.0 
second  or  less  are  not.  considered  to  he  viable 
electrostatic  discharge  ignition  hazards. 
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2.  The  PBI /Kevlar  samples  rank  second  in  charge  dissipation 
rate  in  the  unlaundered  condition.  Laundering  lowers 
the  ranking  to  fourth  place. 

3.  The  PBI/PFR  Rayon  samples  rank  third  in  charge  dissi¬ 
pation  rate  in  both  the  unlaundered  and  laundered 
conditions . 

4.  The  Nomex/SST  samples  rank  fourth  in  charge  dissipation 
rate  in  the  unlaundered  condition.  Laundering  lowers 
the  ranking  to  sixth  place. 

5.  The  woven  cotton  samples  rank  fifth  in  charge  dissipation 
rate  in  both  the  unlaundered  and  laundered  conditions. 

6.  The  PBl/Nomex  I  samples  rank  sixth  in  charge  dissipation 
rate  in  the  unlaundored  condition.  Laundering  raises  the 
ranking  to  second  place. 

7.  Laundering  increases  the  rate  of  charge  relaxation  of  all 
fabrics.  The  magnitude  of  the  increase  varies  signifi¬ 
cantly  between  fabrics.  The  greatest  improvement  occurs 
in  the  PBI/Nomex  I  fabric. 

8.  Since  Laundering  appears  to  increase  the'  electrical  con¬ 
ductivity  of  all  six  fabrics,  the  selection  of  a  fabric 
for  a  specific  application  shouLd  be  based  on  the 
unlaundored  tost  results. 
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Table  1 , 

Results  of  charge 

relaxation  experiments  performed 

on 

six 

unlaundered , 

flame 

retardant 

f  abrics 

Sample 

Ambient 

conditions 

Charge 

"Half-life" 

Rel  . 

no. 

Temp . 

R.H 

.  Corr.  R.H. 

IK 

.  Q?/2 

"half-life' 

<°F) 

(%) 

<%) 

(coulombs) 10~9 

(sec . ) 

1A 

74 

37 

42 

3.08 

1.54 

1.70 

11.3 

1A 

74 

37 

42 

1.35 

0.68 

0.30 

2.0 

2A 

74 

37 

42 

10.00 

5.00 

3.85 

25.7 

2A 

74 

37 

42 

10.00 

5.00 

4.00 

26.7 

3A 

74 

37 

42 

10.00 

5.00 

2.85 

19.0 

3A 

74  • 

37 

42 

10.00 

5.00 

2.95 

19.7 

4A 

73 

37 

41 

5.69 

2.85 

0.15 

1.0 

4A 

73 

37 

41 

6.05 

3.03 

0.20 

1.3 

5A 

73 

38 

41 

6.62 

3.31 

0.80 

5.3 

5A 

73 

38 

41 

9.71 

4.86 

0.85 

5.7 

6A 

73 

38 

41 

8.11 

4 . 06 

1.00 

6.7 

6A 

73 

38 

41 

6.88 

3.44 

1.20 

8.0 

Legend : 
R.H. 

Corr.  R.H. 
Qo 

Qo/2 


Relative  Humidity 

Corrected  Relative  Humidity  to  7 0 c  1 ' 

Total  charge  on  sample  fabric 
50%  of  Qu 

Elapsed  time  between  Qo  and  Qo/2  =  "half-life" 
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Table  1.  Results  of  charge  relaxation  experiments  performed  on 
six  unlaundered,  flame  retardant  fabrics  (cont.) 


Sample 

Ambient  conditions 

Charge 

"Half-life" 

Rel. 

no. _ 

Temp . 

R.H. 

Corr.  R.H. 

_Qo  . 

Qo/2 

"half-life" 

(°F) 

<%) 

<%) 

(coulombs) 10"9 

(sec . ) 

IB 

75 

37 

43 

1.47 

0.74 

1.00 

10.0 

IB 

75 

37 

43 

2.21 

1.10 

1.20 

12.0 

2B 

75 

37 

43 

6.43 

3.20 

5.00 

50.0 

2B 

75 

37 

43 

5.71 

2.86 

5.20 

52.0 

3B 

75 

37 

43 

8.85 

4.43 

3.10 

31.0 

3B 

75 

37 

43 

9.03 

4.52 

3.15 

31.5 

4B 

75 

37 

43 

6.56 

3.28 

0.10 

1.0 

4B 

75 

37 

43 

6.00 

3.10 

0.10 

1.0 

5B 

75 

37 

43 

7.32 

3.66 

0.90 

9.0 

3B 

75 

37 

43 

7.86 

3.93 

0.95 

0 . 5 

6B 

75 

37 

43 

3.62 

1.81 

0.50 

5.0 

OB 

75 

37 

43 

3.21 

1.61 

0.35 

3.5 

i, tv  end : 

K.H.  Relative  Humlditx 

Corr.  R.li.  -  Corrected  Relative  Humidity  to  70^  T 
*=  Total  charge  on  sample  fabric 
Oo '  2  -  .SO',',  of  Qo 

ty  -  Elapsed  time  between  Qo  and  Qo/2  =  "half-life" 
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Table  1.  Results  of  charge  relaxation  experiments  performed  on 
six  unlaundered,  flame  retardant  fabrics  (cunt.) 


Sample 

Ambient  conditions 

Charge 

"Half-life" 

Rel . 

no. 

Temp . 

R.H. 

Corr.  R.H. 

,_Qo_ 

Qo/2 

t\. 

"half-life" 

(°F) 

(%) 

<%) 

( coulomb 

8)10-9 

TsecT) 

1C 

75 

35 

41 

3.96 

1.98 

18.60 

46.5 

1C 

75 

35 

41 

4.28 

2.14 

19.50 

48.7 

2C 

75 

34 

41 

8.70 

4.35 

11.05 

27.6 

2C 

75 

34 

41 

9.53 

4.7  7 

12.80 

32.0 

3C 

75 

34 

41 

7.48 

3.74 

3.65 

9.1 

3C 

75 

34 

41 

8.36 

4.18 

3.65 

9.1 

4C 

75 

34 

41 

8.43 

4.22 

0.45 

1.1 

4C 

75 

34 

41 

8.22 

4.11 

0.40 

1.0 

5C 

75 

34 

41 

9 . 68 

4.84 

1.20 

3.0 

5C 

75 

34 

41 

9.90 

4.95 

1.05 

2.6 

6C 

75 

34 

41 

9.39 

4.70 

1.05 

2.6 

6C 

75 

34 

4  J 

9.39 

4.70 

1  00 

2.5 

Legend : 

R.H. 

Relative  Humidity 

Corr.  R.H.  = 

Corrected  Relative  Humidity  to  70 

Qc 

Total  charge  on  sample  fabric 

Qo  /  2  “ 

50%  of  Qo 

Elapsed  time  between  Qo  and  Qo/2 

It 


"lull  f-life 
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Table  1.  Results  of  charge  relaxation  experiments  performed  on 
six  unlaundered,  flame  vetnrdant  fabrics  (cont.) 


Sample 

Ambient  conditions 

Charge 

"Half-life" 

Rel. 

no. 

Temp . 

R.H. 

Corr.  R.H. 

_Q°_ 

Qo/ 2 

"half-life 

<°F) 

(%) 

(%) 

(coulombs) I0~9 

(sec . ) 

ID 

73 

31 

35 

2.51 

1.26 

9.25 

16.8 

11) 

73 

31 

35 

2.23 

1.12 

4.00 

7.3 

21) 

73 

31 

35 

8.67 

4.34 

12.00 

21.8 

21) 

73 

31 

35 

8.88 

4.44 

14.30 

26.0 

3D 

73 

31 

35 

8.18 

4.09 

6.40 

11.6 

3D 

73 

31 

35 

10.00 

5.00 

7.10 

12.9 

41) 

73 

31 

35 

6.21 

3.11 

0.80 

1.4 

41) 

73 

31 

35 

7.11 

3.56 

0.55 

1.0 

51) 

73 

31 

35 

5.62 

2.81 

1.50 

2.7 

51) 

73 

31 

35 

5.56 

2.78 

1.85 

3.4 

61) 

73 

31 

35 

10.00 

5.00 

2.20 

4.0 

61) 

73 

31 

35 

10.00 

5.00 

2.10 

3.8 

Legend : 

R.H.  *  Relative  Humlditv 

Corr.  R.H.  =  Corrected  Relative  Humidity  to  7t,CF 
Co  -  Total  charge  or.  sample  fabric 

i >o / 2  =  50 ",  of  Qo 

t:.  -  K  lapsed  time  between  i}e  and  CJo/2  =  "half-life" 


J, 
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Table  1  . 

Results 

of  charge 

relaxation  experiments  performed 

on 

six  unlaundered. 

flame 

retardant 

fabrics  (cont.) 

Sample 

Ambient  conditions 

Charge 

"Half-life" 

Rel  . 

no. 

Temp . 

R.H. 

Corr.  R.H. 

Q°_ 

Qo/2 

t>„  "half-life1 

(°F) 

(%> 

(%) 

(coulombs) 10~9 

Tsec . ) 

IE 

73 

29 

32 

0.92 

0.46 

2.75 

5.0 

IE 

73 

29 

32 

1.17 

0.59 

3.55 

6.4 

2E 

73 

29 

32 

3.96 

4.48 

12.50 

22.7 

2E 

73 

29 

32 

9.49 

4.75 

13.25 

24.1 

3E 

73 

29 

32 

9.20 

4.60 

7.80 

14.8 

3E 

73 

29 

32 

8.78 

4.39 

7.80 

14.2 

4E 

73 

29 

32 

6.72 

3.36 

0.55 

1.0 

4E 

73 

29 

32 

8.52 

4.26 

0.60 

1.1 

5E 

74 

30 

34 

10.00 

5 . 00 

2.40 

4 .4 

5E 

74 

30 

34 

10.00 

5.00 

2.50 

4.5 

6E 

74 

30 

34 

7.80 

3 . 90 

2.90 

5.3 

6E 

74 

30 

34 

7.38 

3 . 69 

2.40 

4.4 

Legend : 
R.H. 

Corr.  K.H. 

Qc 

Qo/2 

ti„. 


Relative  Humidity 

Corrected  Relative  Humidity  to  70°!' 

Total  charge  on  sample  fabric 
501  of  Qo 

Elapsed  time  between  Qo  and  Qo / 2  *  "half-life" 


47 


4MSR  y  fc.  H  ¥  ASRSRb  >»■  AMAM  i*N>  IWU^AI 


HAZARDS  RESEARCH 
CORPORATION 


Table  2.  Results  of  charge  relaxation  experiments  performed  on 
six  laundered,  flame  retardant  fabrics 


Sample 

Ambient  conditions 

CharRe 

’’Half-life" 

Rel . 

no. 

Temp . 

R.H. 

Corr.  R.H. 

Qo 

Qo/2 

"half-life" 

(OF) 

(%) 

(%) 

(coulombs) 10“9 

(sec . ) 

1A 

73 

38 

A1 

1.80 

0.90 

2.70 

18.0 

1A 

73 

38 

Al 

1  .50 

0.75 

0.15 

1.0 

2A 

71 

A0 

A 1 

7.08 

3. 54 

A. 80 

32.0 

2A 

71 

A0 

Al 

7.90 

3.95 

5. 45 

36.3 

3A 

71 

A0 

Al 

6, .40 

3.20 

0.25 

1.7 

3A 

71 

A0 

Al 

6.60 

3.30 

0. 40 

2.7 

4A 

70 

A0 

40 

A. 65 

2.33 

0.20 

1.3 

AA 

70 

AO 

A0 

A. 37 

2.19 

0.30 

2.0 

5A 

70 

AO 

A0 

6.10 

3.05 

0.80 

5.3 

5A 

70 

A0 

A0 

5.66 

2.83 

0.90 

6.0 

6  A 

70 

AO 

AO 

3.41 

1.71 

1.70 

11.3 

6  A 

70 

A0 

A0 

A.  00 

2.00 

2.00 

13.3 

Legend  : 

R.H.  *  Relative  Humidity 

Corr.  R.H.  »  Corrected  Relative  Humidity  to  70°F 
Oc>  K  Total  charge  on  sample  fabric 

Qo/2  =  5Q'Z  of  Qo 

ti  «  Elapsed  time  between  Qo  and  Qo/2  =  "half-life" 
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Table  2.  Results  of  charge  relaxation  experiments  performed  on 
six  laundered,  flame  retardant  fabrics  (coat.) 


Sample 

Ambient  conditions 

Charge 

"Half-life" 

Re!. 

no. 

Temp . 

R.H. 

Corr.  R.H. 

Qo 

Qo/2_ 

tl 

2 

"half-life" 

(°F) 

<*>" 

(%) 

(coulombs) 1 0“9 

(sec.) 

IB 

70 

40 

40 

3.28 

1.64 

18.40 

122.7 

IB 

70 

40 

40 

3.00 

1.50 

23.45 

156.3 

2B 

70 

40 

40 

4.45 

2.23 

4.60 

30. 1 

2B 

70 

40 

40 

3.98 

1.99 

4.80 

J  2 . 0 

3B 

70 

40 

40 

4.02 

2.01 

0.20 

1.3 

3B 

70 

40 

40 

4.61 

2 . 3  C 

0.20 

1  . 3 

4B 

70 

40 

40 

1.87 

0.94 

0.15 

1.0 

4B 

70 

40 

40 

1 . 7 ) 

0.90 

0.  15 

1.0 

5B 

70 

40 

40 

3.50 

1.75 

0.65 

4.3 

5B 

70 

40 

40 

3.64 

1.82 

0.70 

4.7 

6B 

70 

40 

40 

2.21 

1.10 

0.90 

6.0 

611 

70 

40 

40 

3.65 

1.83 

0.80 

5.3 

Legend : 
R.H. 

Corr.  R.H. 

Qo 

Qo/2 


■  Relative  Humidity 

■  Corrected  Relative  Humidity  to  701'F 
-  Total  charge  on  sample  fabric 

=■  50%  of  Qo 

“  Elapsed  time  between  Qo  and  (Jo/2  =■•  "half- life" 
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Table  2.  Results  of  charge  relaxation  experiments  performed  on 
six  laundered,  flame  retardant  fabrics  (cont.) 


Sample 

Ambient  conditions 

Char* 

_ 

"Half-life" 

Rel . 

no . 

Temp . 

R.H. 

Corr.  R.H. 

■Qg 

Qo/2 

"5 

"half-life" 

(°F) 

<%> 

(%) 

(coulombs) 10“9 

(sec.) 

1C 

73 

A 1 

A5 

1 .  AO 

0.70 

0.30 

2.0 

1C 

73 

A1 

A5 

1.96 

0.98 

0.55 

3.7 

2C 

73 

A1 

A5 

0.90 

0.A5 

0.25 

1.7 

2C 

73 

A 1 

A5 

1.28 

0.6A 

0.50 

3.3 

3C 

73 

A 1 

A5 

6.37 

3.19 

0.15 

1.0 

3C 

73 

A 1 

A5 

6.29 

3.15 

0.20 

1.3 

AC 

73 

A 1 

A5 

1.80 

0.90 

0.30 

2.0 

AC 

73 

A1 

45 

2.52 

1.26 

0.25 

1.7 

5C 

73 

A  1 

A5 

2.83 

1.A2 

0.70 

A. 7 

5C 

73 

A 1 

A5 

3.73 

1.87 

0.60 

A  .0 

6C 

7  3 

A 1 

A5 

A. 08 

2.0A 

0.  A0 

2.7 

6C 

73 

A 1 

A5 

3.88 

1 .9A 

0.30 

2.0 

Legend  : 

R.H.  =  Relative  Humidirv 

o 

Corr.  R.H.  =  Corrected  Rc.ative  Humidity  to  70  F 
Oc  =  Total  charge  on  sample  fabric 

Qo / 2  =  507  of  Qc 

ti,_  =  Elapsed  time  between  Qo  a>'d  Qo/2  -  "half-life" 
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Table  2.  Results  of  charge  relaxation  experiments  performed  on 
six  laundered,  flame  retardant  fabrics  (cent.) 


Sample 

Ambient  i 

condi tions 

Charge 

"Half-life" 

Rel . 

no. 

Temp . 

R.H 

.  Corr.  R.H. 

_So_ 

Qo/2 

ti. 

2 

"half-life 

<°F) 

(%) 

(%) 

(cou 

lombs)10~9 

(sec . ) 

ID 

70 

41 

41 

1.75 

0.87 

0.55 

2.8 

ID 

70 

41 

41 

1.90 

0.95 

0.55 

2.8 

2D 

70 

41 

41 

2.98 

1.49 

2.10 

10.5 

2D 

70 

41 

41 

4.59 

2.30 

4.00 

20.0 

3D 

70 

41 

41 

4.88 

2.44 

0.30 

1.5 

3D 

70 

41 

41 

5.15 

2.58 

0.35 

1  .8 

4D 

70 

41 

41 

1.05 

0.53 

0.20 

1.0 

4D 

70 

41 

41 

1.63 

0.82 

0.25 

1.2 

5D 

70 

41 

41 

4.09 

2.05 

0.75 

3.7 

5D 

70 

41 

41 

5.50 

2.75 

0.65 

3.2 

6D 

70 

41 

41 

4.44 

2.22 

0.40 

2.0 

6D 

70 

41 

41 

5.48 

2.74 

0.40 

2.0 

Legend : 

R.H.  =  Relative  Humidity 

Corr.  R.H.  =  Corrected  Relative  Humidity  to  70°F 
Oc  *  Total  charge  on  sample  fabric 

Qo  / 2  =  507;  of  Qo 

to  =  Elapsed  time  between  Qo  and  Qo/2  =  "half-life" 
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Table  2.  Results  of  charge  relaxation  experiments  performed  on 
six  laundered,  flame  retardant  fabrics  (cont.) 


Sample 

Ambi 

ent  conditions 

Charge 

"Half-life" 

Rel. 

no . 

Temp . 

R.H. 

Corr.  R.H. 

Q°. 

Qo/2 

"half-life 

(°F) 

(%) 

(%) 

(coulombs) 10"9 

(sec. ) 

IE 

70 

40 

40 

3.10 

1.60 

5.60 

18.7 

IE 

70 

40 

40 

2.32 

1.16 

2.45 

8.2 

2E 

70 

40 

40 

2.81 

1.40 

2.60 

8.7 

2E 

70 

40 

40 

3.52 

1.76 

4.50 

15.0 

3E 

70 

40 

40 

6.30 

3.15 

0.35 

1.2 

3E 

70 

40 

40 

6.77 

3.39 

0.35 

1.2 

4E 

70 

40 

40 

1.36 

0.68 

0.30 

1.0 

4E 

70 

40 

40 

1.52 

0.76 

0.30 

1.0 

5E 

70 

40 

40 

3.72 

1.86 

0.70 

2.3 

5E 

70 

40 

40 

4.61 

2.30 

0.70 

2.3 

6E 

70 

40 

40 

2.93 

1.47 

0.45 

1.5 

6E 

70 

40 

40 

3.48 

1.74 

0.40 

1.3 

fl 


L  evvnd  : 

K.  1!, 

=  Relative  Hum: 

i  d  i  t  v 

('err.  R.H 

.  -  C crrected  Re’ 

iative  Humidity  to 

IV 

=  Total  charge 

on  samp 

le 

fabric 

oo  • : 

=  50/  of  Qo 

t . 

=  Elapsed  time 

between 

Qo 

and  Qo/ 

f  e 


»i 
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Table  3.  Comparison  of  average  relative  "half-life"  values 

Unlaundered  fabrics 


Sample 

Average 

relative 

"half- 

lives". 

seconds 

Charge  Relaxation 

no. 

A 

B 

JC _ 

D 

E 

Rating 

1 

6.7 

11.0 

47.6 

12.0 

5.7 

4 

2 

26.2 

51.0 

29.8 

23.9 

23.4 

5 

3 

19.3 

31.2 

9.1 

12.2 

14.5 

6 

4 

1.1 

1.0 

1.0 

1.2 

1.0 

1 

5 

5.5 

9.2 

2.8 

3.0 

4.4 

2 

6 

7.3 

4.2 

2.5 

3.9 

4.8 

3 

Laundered 

fabric 

s 

1 

9.5 

139.5 

2.8 

2.8 

13.4 

6 

2 

34.1 

31.3 

2.5 

15.2 

11.8 

5 

3 

2.2 

1.3 

1.1 

1.6 

1.2 

2 

4 

1.6 

1.0 

1.8 

1.1 

1.0 

1 

5 

5.6 

4.5 

4.3 

3.4 

2.3 

4 

6 

12.3 

5.6 

2.3 

2.0 

1.4 

3 
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Table  4.  Summary  of  experimental  results 


_Samj)le _ _ 


Charge  relaxation  rating 
Unlaundered  Laundered 


1)  Nomex/SST  (99/1) 

2)  Woven  Cotton  (100) 

3)  PBI/Nomex  I  (20/80) 

4)  PBI/Kevlar/Durvil 

5)  PBl/Kevlar  (40/60) 

6)  PBI/PFR  Rayon  (20/80) 


Figure  1,  Experimental  set-up. 


Figure  2.  Six- inch  square  cloth  sample  in  holder. 
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Commander 

Lake  City  Army  Ammunition  Plant 
ATTN:  SMCLC-SF  (3) 

I  independence ,  MO  64051-0330 


Commander 

Pine  Bluff  Arsenal 

ATTN:  SMCPB-SF  (3) 

Pine  Bluff,  AR  71602-9500 

Commander 

Crane  Army  Ammunition  Activity 
ATTN:  SMCCN-SF  (3) 

Crane,  IN  47522-5099 

Commander 

US  Army  Production  Base  Modernization  Agency 
ATTN:  AMSMC-PBL(D) 

AMSMC-PBL-A(D)  (5) 

Dover,  NJ  07801-5001 

Commander 

Chemical  Research  and  Development  Center 
US  Army  Armament,  Munitions  and  Chemical  Command 
ATTN:  SMCCR-SPS-IL 

Aberdeen  Proving  Ground,  MD  21010-5423 
Commander 

Chemical  Research  and  Development  Center 
US  Army  Armament,  Munitions  and  Chemical  Command 
ATTN:  SMCCR-RSP-A 

Aberdeen  Proving  Ground,  MD  21010-5423 
Commander 

US  Army  Armament,  Munitions  and  Chemical  Command 
ATTN:  SMCAR-ESP-L 

SMCAR-ES,  W.  Fortune 
Rock  Island,  IL  61299-6000 

Commander 

Sunflower  Army  Ammunition  Plant 
ATTN:  SMCSU  (2) 

DeSoto,  KS  66018-0640 

Commander 

Badger  Army  Ammunition  Plant 
ATTN:  SMCEA  (2) 

Baraboo,  WI  53913-5000 

Commander 

Holston  Army  Ammunition  Plant 
ATTN:  SMCH0  (2) 

Kingsport,  TN  37662--9982 

Commander 

Indiana  Army  Ammunition  Plant 
ATTN:  SMC IN  (2) 

Charlestown,  IN  47111-9667 
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Commander 

Iowa  Army  Ammunition  Pi  ant 
ATTN:  SMC TO  (2) 

Middletown,  IA  52638-5000 

Commander 

Kansas  Army  Ammunition  Plant 
ATTN:  SMCKA  (2) 

Parsons,  KS  67357-5000 

Commander 

Radford  Army  Ammunition  Plant 
ATTN:  SMCKA-F,  (2) 

Radford,  VA  24141-0298 


Commander 

Naval  Weapons  Center 
China  Lake,  CA  93555 

Commanding  Officer 
Naval  Ordnance  Station 
Indian  Head,  MD  20640 

Commander 

Naval  Surface  Weapons  Center 
Dahlgren,  VA  22448 

Officer-in-Charge 
White  Oak  Laboratory 
Naval  Surface  Weapons  Center 
10901  New  Hampshire  Avenue 
Silver  Springs,  MD  20903-5000 
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REQUEST  FOR/OR  NOTIFICATION  OF  REGRADING  ACTION 

For  use  of  this  form,  see  AR  380-5;  the  proponent  agency  is  OACSI. 


DATE 


6  Sep  01 


FILE 


READ  INSTRUCTIONS  ON  REVERSE  SIDE  BEFORE  COMPLETING  THIS  FORM 


TO:  (Include  ZIP  Code) 

Defense  Technical  Information  Center 
ATTN:  DTIC-8&I  >■> 

8725  John  J.  Kingman  Road 
Ft.  Belvoir ,  VA  22060-6218 


FROM:  ( Include  ZIP  Code) 

US  Army,  TACOM-ARDEC 
AMSTA-AR-WEL-TL 
Bldg.  59,  Phipps  Road 
Picatinny  Arsenal,  NJ  07806-5000 


09  THE  DOCUMENT(S)  DESCRIBED  BELOW  HAS/HAVE  BEEN  REVIEWED  FOR  REGRADING  AND  ACTION  HAS  BEEN  TAKEN  AS 
INDICATED.  APPROPRIATE  ACTION  SHOULD  BE  TAKEN  TO  MARK  YOUR  COPIES  AND  NOTIFY  ALL  RECIPIENTS  TO  WHOM 
ADDITIONAL  DISTRIBUTION  WAS  FURNISHED  IN  ACCORDANCE  WITH  AR  380-5.  DOCUMENTS  CONCERNING  THISSAME 
SUBJECTSHOULD  BE  REVIEWED  FOR  POSSIBLE  REGRADING. 

0  REQUEST  DOCUMENT(S)  DESCRIBED  BELOW  BE  REVIEWED  TO  DETERMINE  WHETHER  THEY  CAN  BE  DOWNGRADED  OR 
DECLASSIFIED  AT  THIS  TIME.  (Include  justification  in  the  “REMARKS”  section  of  this  form.) 

0REQUEST  APPROPRIATE  CLASSIFICATION/REGRADING  INSTRUCTIONS  FOR  DOCUMENTS  DESCRIBED  BELOW. 


CONTROL  NUMBER 


DESCRIPTION 

(TYPE,  FILE  REFERENCE,  UNCLASSIFIED  SUBJECT  OR  SHORT  TITLE, 
INDORSEMENTS.  INCLOSURES) 


CLASSIFICATION/ 
REGRADING  INSTRUCTIONS 


ADB104669  "Evaluation  of  coverall  materials  for  pyrotechnic 
operations" 


U/ltd  U/U 


Change  distribution  from  Unclassif ed/Limited  to 
Public  Release  per  email  from  J.  Caltagirone 
dated  6  Sep  01. 
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PRINTED  OR  TYPED  NAME  AND  TITLE  OF  OFFICER 


[SIGNATURE 


Patricia  Ays,  Librarian 


FORM  IC7C 
1  SEP  77  I  J  I  J 
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